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(54) MOTOR AND ELECTRIC POWER STEERING DEVICE 



(57) A motor (90) having a tubular yoke (1 10) pro- 
vided at one side end with a side wall (109), wherein a 
driver unit (91) for control-driving the motor (90) is elec- 
trically connected via a feed opening (103) and a signal 
line opening (104) to an end on the side wall (109) side 
of the interior of the yoke (1 10), and an FET (95) is dis- 
posed inside the yoke (1 1 0) so as to be in direct contact 
with the side wall (109). A driver unit (191) in which a 
drive-control means and a brush holder (41) are inte- 
grated with each other may be disposed and fixed on 

FIG. 1 



the outer surface of a side wall (209), and a brush (23) 
is inserted via an opening (203) formed in the side waJI 
(209) and allowed to pass through the yoke (210). The 
above arrangements make it possible to integrally pro- 
vide a control-drive unit and a device body without low- 
ering an assembly work efficiency in a motor provided 
with a feed unit at the innermost part of the yoke which 
is closed at one end. 



90 




CM 
O 



Q. 
LU 



Priraea Ov Xerox (UK) Business Services 
■3 16? 'HRSl/3 S 



1 



EP1 022 210 A1 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electric s 
motor having a control drive means and particularly to a 
technique effectively applied to an electric power steer- 
ing apparatus for vehicles. And, the present invention, in 
particular, relates to a technique effectively applied to 
an electric power steering apparatus used in a rack- w 
and-pinion type steering apparatus. 
[0002] To assist steering torque of a vehicle, so- 
called power steering apparatuses are used in many 
vehicles in recent years, and various power steering 
apparatuses, such as a hydraulic type, an electric type, ,is 
and the like have been proposed. Of these power steer- 
ing apparatuses, a known electric power steering appa- 
ratus applied to a rack-and-pinion type of steering 
apparatus will be one called a rack assist type which 
obtains a steering assist force by an electric motor pro- 20 
vided coaxially on the rack shaft. This type uses an 
electric motor, which incorporates a field magnetic 
device, an armature, and the like in a cylindrical yoke, 
and the steering torque is assisted by this electric 
motor. 25 
[0003] FIG. 19 is a view which explains an example 
of the rack assist type of power steering apparatus 
using this kind of electric motor. In the electric type of 
power steering apparatus shown in FIG. 19, an electric 
motor 52 is provided to be coaxial relative to the rack 30 
shaft 51 and steering assist force generated by the elec- 
tric motor 52 is transmitted to the rack shaft 51 through 
a ball screw mechanism 53. Further, the steering wheel 
is rotated by the steering assist force together with a 
manual handling force, thereby reducing steering bur- 35 
dens of a driver. 

[0004] The rack shaft 51 is connected with steering 
wheels by tie rods, knuckle arms, and the like provided 
at both ends thereof. The rack shaft 51 is connected by 
a rack-and-pinion manner to a steering shaft 54 con- 40 
nected to a steering handle or the like and reciprocates 
in left and right direction in FIG. 19 by steering of the 
driver. The electric motor 52 is constructed such that a 
cylindrical armature shaft 56 and a field magnetic 
device 57 are coaxially inserted in a cylindrical yoke 55, 45 
and an electric power is supplied from a power supply 
section 58. The field magnetic device 57 comprises a 
magnetic 59 attached on the inner circumferential por- 
tion of the yoke 55 and an armature core 60 attached on 
the outer circumferential portion of the armature shaft so 
56. The turning force generated by the electric motor 52 
is transmitted as reciprocal motion in th axial direction 
to the rack shaft 51 through a ball screw mechanism 53 
provided at the left end of the armature shaft 56 in FIG. 
19. and thus, the steering force is assisted. 55 
[0005] The power supply section 58 is provided with 
a brush 61 and a commutator 62 which makes slidable 
contact with the brush, and the electric power is sup- 



plied to the armature portion of th electric motor 52 
through these components. The brush 61 is contained 
and held in a brush holder 63 and is pressed against the 
commutator with a predetermined pressure by a spring 
member not shown. A terminal plate 65 is welded to an 
end of a pigtail 64 of the brush 61 . Tiie terminal plate 65 
penetrates the housing 66 and projects to the outside. A 
coupler 67 is attached to the projected terminal plate 
65. Thus, the terminal for power supply is formed. 
[0006] Meanwhile, there has been a proposed 
apparatus for incorporating control elements such as 
FETs and the like in the power supply section and for 
forming integrally a power steering apparatus and a 
control drive section thereof. For exanrple, in Japanese 
Patent Application Laid-Open No. 6-255504, a power 
steering apparatus is described. In this apparatus, a 
hollow chamber is formed at the connecting portion 
where a housing containing a brushless motor and a 
housing holding a handle shaft are connected with each 
other, and a power circuit unit which contains FETs and 
circuit boards in the hollow chamber is provided. Fur- 
ther, Japanese Patent Application Laid-Open No. 8- 
2612 describes a power steering apparatus in which 
FETs and boards are contained in a gear box housing 
where a steering shaft is held and connected with a 
motor yoke. 

[0007] In the electronic motor used in the apparatus 
shown in FIG. 19 or the above example, the power sup- 
ply section thereof is provided at the connecting portion 
where an opening edge side of the yoke, the housing (or 
yoke) of the electric motor side, and the housing of the 
steering shaft side are connected to each other. It is 
therefore possible to incorporate relatively easily a 
brush, a control circuit, and the like in the vicinity of the 
opening edge of the yoke or a dividing surface. Even in 
this kind of power steering apparatus using an electric 
motor, the control circuit or the like can be incorporated 
so as to be inserted in the vicinity of the dividing surface. 
Therefore, integration of the apparatus body with the 
control drive section can be achieved with ease, and 
there is no problem caused in assembling operation. 
[0008] However, in an electric motor which uses a 
cylindrical yoke provided with a side wall at one end 
thereof and is provided with a power supply section in 
the side wall side, the power supply section is not situ- 
ated at the opening portion. Therefore, the control drive 
section cannot be simply integrated like the above 
example. That is, if a control drive section is integrally 
incorporated into this kind of electric motor, various 
components must be assembled deep into the yoke 
from the opening side thereof. This results in a draw- 
back in assembling operation. 

[0009] Also, there is such a type of a power steering 
apparatus that the housing and yoke in the steering 
shaft side are formed integrally, a power supply section, 
an armature, a field magnetic device, and the like are 
assembled therein, and these components are coupled 
with another housing containing a ball screw mecha- 
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nism. The power supply section cannot be situated near 
a driving portion therebetween. Therefore, the control 
drive section cannot be integrated easily like the above 
example. In this type of power steering apparatus, an 
end side of the yoke of the housing in the steering shaft 
side is formed in a cylindrical shape which is closed 
except a rack shaft insertion portion, and the power sup- 
ply section is provided at a deepest portion of a closed 
end. Consequently, also in this kind of power steering 
apparatus, if the control drive section is integrally incor- 
porated, various components must be assembled deep 
in the housing. So, there are difficulties in assembling 
operation. Therefore, it is not possible to easily adopt a 
structure that a space for a control section is formed at 
a part of the housing like the foregoing example and 
control elements and boards are assembled in the 
space. Improvement has hence been demanded in this 
respect. 

[0010] The present invention therefore has an 
object of integrally providing a control drive section with 
the apparatus body in this kind of electric motor without 
reducing efficiency of the assembling operation. Also, 
another object of the present invention is to integrally 
provide a control drive section of an electric power 
steering apparatus with the apparatus body without 
reducing efficiency of the assembling operation. 
[0011] The above and other related objects and 
novelty features of the invention will be apparent from 
reading of the following specification and the accompa- 
nying drawings. 

SUMMARY OF THE INVENTION 

[0012] An electric motor according to the present 
invention comprises a cylindrical housing having a side 
wall at one end portion thereof and is characterized in 
that a control drive means for controlling and driving the 
electric motor is provided at an end portion in a side of 
the side watt inside the housing or on an outer surface 
of the side wall. As a result of this, even in an electric 
motor having an electric motor which is provided deep 
in the housing, the control drive means can be integrally 
provided with the electric motor without hindering the 
assembling operation. 

[001 3] In this case, the control drive means may be 
contained at the end portion in the side of the side wall 
inside the housing, the side wall may have an opening 
portion for communicating with inside and outside of the 
housing, and the control drive means may be electri- 
cally connected with the outside at the housing through 
the opening portion. Further, the control drive means 
may be provided inside the housing so as to directly 
contact to the side wall, and thereby heat generated 
from the control drive means can thereby be efficiently 
radiated through the housing. The contact between the 
control drive means and the side wall conceptually 
includes a modification that not only the surface of the 
casing in the control drive means but also exposed con- 



trol drive elements, circuit elements and the like are kept 
in contact with the side wall. Note that presence or 
absence of a brush is not asked. 
[0014] Also, in case where an electric power is sup- 

5 plied with an electric motor by a brush, a brush holder 
for containing the brush and control drive means for 
controlling and driving the electric motor may be inte- 
grally formed. At this time, a unit which integrates the 
brush holder and the control drive means can be 

10 applied to the electric motor having a cylindrical housing 
with a side wall at one end portion as described above. 
Note that in this electric motor, the slidable direction of 
the brush may be the axial direction or radial direction. 
[001 5] Further, in case where the electric motor has 

75 a cylindrical yoke with a side wall at one end portion 
thereof and an electric power is supplied with the elec- 
tric motor by a brush, a brush holder for containing the 
brush and the control drive means for controlling and 
driving the electric motor may be integrated, thereby 

20 forming a drive control unit, and the drive control unit 
may be provided on an outer surface of a side wall of the 
yoke. As a result of this, even in an electric motor having 
an electric power supply section which is provided deep 
in the housing, the control drive means can be integrally 

25 provided with the electric motor without hindering the 
assembling operation. 

[0016] At this time, an opening portion may be 
formed in the side wall so as to communicate with inside 
and outside of the yoke, and the brush may be inserted 
30 into the yoke through the opening portion. Also, the 
drive control unit may be provided outside the yoke so 
as to directly contact to the side wall. As a result of this, 
heat generated from the control drive unit can be effi- 
ciently radiated through the yoke. Note that the contact 
35 between the control drive means and the side wall con- 
ceptually includes a modification form that not only the 
surface of the casing in the control drive means but also 
exposed control drive means such as FETs, ECUs and 
the like are kept in contact with the side wall. 
40 [0017] Meanwhile, an electric power steering appa- 
ratus according to the present invention comprises: a 
rack shaft connected to steering wheels; a first housing 
for containing movably the rack shaft and for holding a 
connecting portion where rack teeth formed on the rack 
45 shaft are engaged with a pinion of a steering shaft con- 
nected to a steering handle; an electric motor located 
coaxially around the rack shaft in the first housing, and 
supplying steering assist force with the rack shaft; a ball 
screw mechanism for connecting a nut portion con- 
so nected with a rotor shaft of the electric motor and a 
screw portion formed on the rack shaft, with each other 
with a ball member inserted therebetween, and for 
transmitting rotatory power of the electric motor as 
steering assist force to the rack shaft: and a second 
55 housing containing the ball screw mechanism and con- 
nected with the first housing, the power supply section 
of the electric motor being provided at the first housing 
in an opposite side of the second housing relative to an 
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axial direction, and is characterized in that a control 
drive means for controlling and driving the electric motor 
is provided at a position adjacent to the power supply 
section of the first housing. 

[0018] As a result of this, even in a type of electric 5 
power steering apparatus with which an electric power 
supply section is provided deep in the first housing, the 
control drive means can be provided integrally in first 
housing without hindering the assembling operation. In 
this case, the control drive means may be contained at 10 
a position adjacent to the power supply section in the 
first housing. 

[0019] In addition, an opening portion through 
which inside and outside of the first housing communi- 
cate with each other may be formed so as to face a is 
located position of the control means, and the control 
drive means and the outside of the first housing may be 
electrically connected to each other through the open- 
ing portion. Also, the control drive means may be con- 
tained inside the first housing so as to directly contact to 20 
a side wall of the first housing. 

[0020] Further, in the electric power steering appa- 
ratus according to the present invention, a brush holder 
for containing a brush of the electric motor and a control 
drive means for controlling and driving the electric motor 25 
may be integrated, thereby forming a drive control unit, 
and the drive control unit may be provided at such a por- 
tion as to face the power supply section outside the first 
housing. 

[0021] As a result of this, even in a type of electric 30 
power steering apparatus with which an electric power 
supply section is provided deep in the first housing, the 
control drive means can be integrally provided with first 
housing without hindering the assembling operation. At 
this time, an opening portion through which inside and 35 
outside of the first housing communicate with each 
other may be formed, and the brush may be inserted 
into the first housing through the opening portion. Also, 
the drive control unit may be provided outside the yoke 
with the drive control unit (or control drive means such 40 
as FETs and ECUs and the like contained therein) kept 
in direct contact with the first housing. 
[0022] At this time, an opening portion through 
which inside and outside of the first housing communi- 
cate with each other may be formed, and a brush may 
be inserted through the opening portion. Also, the con- 
trol unit may be provided outside the first housing with 
the control drive unit kept in direct contact with the first 
housing. 

[0023] In addition, another electric power steering 
apparatus according to the present invention com- 
prises: a rack shaft connected to steering wheels; a first 
housing for containing movably the rack shaft and for 
holding a connecting portion where rack teeth formed 
on the rack shaft are engaged with a pinion of a steering 
shaft connected to a steering handle; an electric motor 
located coaxially around the rack shaft in the first hous- 
ing, and supplying a steering assist force with the rack 



shaft; a ball screw mechanism for connecting a nut por- 
tion connected with a rotor shaft of the electric motor 
and a screw portion formed on the rack shaft, with each 
other with a ball member inserted therebetween, and 
transmitting rotatory power of the electric motor as 
steering assist force to the rack shaft; and a second 
housing containing the ball screw mechanism, and is 
characterized in that the first housing has a power sup- 
ply opening which is formed at such a portion as to face 
a power supply section of the electric motor and to com- 
municate with inside and outside of the first housing 
through the power supply opening portion, and a control 
drive means for controlling and driving the electric motor 
is integrally provided with the first housing outside the 
first housing, and is electrically connected to the power 
supply section through the power supply opening por- 
tion. 

[0024] As a result of this, even in a type of electric 
power steering apparatus with which an electric power 
supply section is provided deep in the first housing, the 
control drive means can be integrally provided with the 
first housing without hindering the assembling opera- 
tion. Also, since the control drive means is provided out- 
side the housing apart from the power supply section, 
the control drive means does not receive harmful influ- 
ences from dust caused by abrasion of the brush. 
[0025] In this case, a second opening portion, 
through which a slidable contact portion between a 
commutator of the electric motor and a brush can be 
observed may be formed at such a portion as to face the 
power supply section of the electric motor. As a result of 
this, a state of slidable contact between a brash of the 
power supply portion and a commutator can be easily 
observed. 

[0026] Also, the control drive means may be pro- 
vided with a terminal plate which is inserted in the first 
housing through a power supply opening portion and 
can be observed through a second opening portion, and 
the terminal plate may be welded through the second 
opening portion to a contact plate electrically connected 
to a brush of the electric motor. 
[0027] Further, the control drive means may be con- 
structed from providing an element for controlling and 
driving the electric motor on a heat radiation plate made 
of metal, and the control drive means may be attached 
onto the first housing with the heat radiation plate kept 
in direct contact with the first housing. As a result of this, 
it is possible to improve the heat radiation characteristic 
of the control drive mean. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

FIG. 1 is an explanatory view illustrating the struc- 
ture of an electric motor which is the embodiment 1 
of the present invention. 

FIG. 2 is an exploded perspective view showing the 
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structure of a driver unit 
FIG. 3 is a cross-sectional view showing a state 
where a driver unit is attached in a yoke. 
FIG. 4 is an explanatory view illustrating the entire 
structure of an electric power steering apparatus 5 
which is the embodiment 2 of the present invention, 
and including a partial section. 
FIG. 5 is an explanatory view illustrating an installa- 
tion state of a driver unit in the electric power steer- 
ing apparatus of FIG. 4. io 
FIG. 6 is an explanatory view illustrating the struc- 
ture of an electric motor which is the embodiment 3 
of the present invention. 

FIG. 7 is an exploded perspective view showing the 

structure of a driver unit. is 

FIG. 8 is a perspective view showing a driver 

viewed from the opposite direction of FIG. 6. 

FIG. 9 is an explanatory view illustrating a state 

where a driver unit is attached to a yoke. 

FIG. 10 is an explanatory view illustrating the entire 20 

structure of an electric power steering apparatus 

which is the embodiment 4 of the present invention, 

including a partial section. 

FIG. 11 is an explanatory view illustrating an instal- 
lation state of a driver unit in an electric power 25 
steering apparatus which is the embodiment 5 of 
the present invention. 

FIG. 12 is an explanatory view illustrating an instal- 
lation state of an electric power steering apparatus 
which is the embodiment 6 of the present invention. 30 
FIG. 1 3 is an explanatory view illustrating the entire 
structure of an electric power steering apparatus 
which is the embodiment 6 of the present invention, 
and including a partial section. 

FIG. 1 4 is an explanatory view illustrating an instal- 35 
lation state of a driver unit. 

FIG. 1 5 is an explanatory view illustrating the rela- 
tionship between a terminal plate of a driver unit 
and a contact plate of a brush holder. 
FIG. 16(a) is an explanatory view illustrating instal- 40 
lation states of a driver unit. 
FIG. 16(b) is an explanatory view illustrating instal- 
lation states of a driver unit. 

FIG. 16(c) is an explanatory view illustrating instal- 
lation states of a driver unit. 45 
FIG. 17 is an explanatory view illustrating an instal- 
lation state of a driver unit in an electric power 
steering apparatus which is the embodiment 7 of 
the present invention. 

FIG. 18(a) is an explanatory view illustrating modifi- so 
cation of the electric power steering apparatus of 
the embodiment 7. 

FIG. 18(b) is an explanatory view illustrating modifi- 
cation of the electric power steering apparatus of 
the embodiment 7. 55 
FIG. 19 is an explanatory view illustrating the entire 
structure of a conventional electric power steering 
apparatus, and including a partial section. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0029] In the following, embodiments of the present 
invention will be explained in details with reference to 
the drawings. 

(Embodiment 1) 

[0030] FIG. 1 is a view explaining the structure of an 
electric motor which is the Embodiment 1 of the present 
invention. An electric motor 90 according to the present 
invention, is constructed from assembling control ele- 
ments such as FETs and ECUs and various circuit ele- 
ments as a unit, forming a driver unit (control drive 
means) 91, containing and arranging the driver unit 91 
inside a yoke 110. FIG. 2 is an exploded perspective 
view showing the structure of the driver unit 91 , and 
FIG. 3 is a cross-sectional view showing a state where 
the driver unit 91 is installed in the yoke 1 1 0. 
[0031 ] As shown in FIG. 2, the driver unit 91 is con- 
structed from integrally containing in a case 92, a brush 
holder 41 , a print wire board (hereinafter abbreviated as 
PWB) 93, an insert wiring board (hereinafter abbrevi- 
ated as IWB) 94, an FET 95 as a control drive element, 
and an FET press board 96. In other words, the driver 
unit 91 as a control system is integrally arranged at a 
portion of the brush holder 41 . So, wiring between a 
control device and the electric motor can be omitted and 
noise reduction and improvement in system efficiency 
can be accomplished. 

[0032] However, the driver unit 91 need not always 
be integrated with the brush holder 41 . That is, although 
the driver unit 91 of the embodiment 1 includes the 
brush holder 41 , the control drive means defined by the 
present invention may include a form which does not 
include the brush holder. Therefore, for example, a 
structure excluding a part of the brush holder will be 
used in case of a brushless motor and will serve as a 
control drive means. 

[0033] Note that numeral 1 08 shown broken lines in 
FIG. 1 denotes a drive shaft of the electric motor 90, and 
the other portions of the electric motor 90 than the driver 
unit 91 are constructed from the same structure as that 
of a conventional electric motor. Therefore, explanation 
thereof will be omitted herefrom and also from the fol- 
lowing embodiment concerning the electric motor. 
[0034] The brush holder 41 contains a brush 23 
which is connected with a terminal 97 through a pigtail 
25. The terminal 97 has an end portion welded to the 
IWB 94. The brush 23 and the IWB 94 are connected 
with each other through the terminal 97. The PWB 93 
equips circuit elements such as resistors and the like. 
Further, connection terminals 94a of the IWB 94 are 
inserted in connection holes 93a of the PWB 93 and sol- 
dered at the PWB 93. Thus, the PWB 93 and the IWB 
94 are electrically connected with each other and are 
both assembled. Note that spacers 98 are provided 
between the PWB 93 and IWB 94. 
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[0035] In the right side of the IWB 94 in FIG. 2, the 
FET press plate 96 made of aluminum is attached. The 
FET press plate 96 has four FET container portions 
96a, to which FETs 95 are attached respectively. The 
FET 95 is attached such that one surface thereof is 
exposed from an end surface of the driver unit 91 and 
somehow projected from the end surface. As shown in 
FIG. 3. a terminal 95a of the FET 95 is led from the FET 
container portion 96a to the IWB 94 side and is 
extended to a back surface side of the IWB 94, thereaf- 
ter being soldered. The IWB 94 has a power supply ter- 
minal 94b for power supply and a signal terminal 94c for 
transmitting/receiving control signals. 
[0036] After the brush holder 41 , PWB 93, IWB 94, 
FETs 95, and FET press plate 96 are contained in the 
case 92, synthetic resin is filled inside the case 92 to 
achieve potting. In this manner, the durability of the 
driver unit 91 is guaranteed. For example, the driver unit 
91 can be protected against impacts caused by step- 
ping stones and the like even when the electric motor 90 
is used in a power steering apparatus located near a 
vehicle-driving surface. 

[0037] The above-mentioned driver unit 91 is con- 
tained and held inside an end portion of the yoke 1 10 as 
shown in FIGS. 1 and 3. An end side of the yoke 1 10 is 
closed by a side wall 109. and the driver unit 91 is 
attached such that the exposed surface of the FET 95 
contacts with an inner surface of the side wall 109. The 
driver unit 91 is fixed by screws 101 through installation 
holes 95b of the FETs 95. As shown in FIG. 2, the brush 
holder 41, PWB 93, IWB 94, and FET press plate 96 
have insertion holes at positions respectively corre- 
sponding to the installation holes 95b. The screws 101 
are screwed into female screw holes 1 02 provided in the 
side wall 1 09 through those insertion holes. That is, the 
driver unit 91 is fixed to the side wall 109 together with 
the FETs 95. As shown in FIG. 3. a clearance space is 
provided in a back surface side of the FET 95 so that the 
FETs 95 may not float up from the side wall 109 due to 
unevenness of sizes. 

[0038] Thus, in the electric motor 90, the FETs 95 
are attached to the driver unit 91 so as to be put 
between the aluminum-made FET press plate 96 and 
the side wall 109. Besides, each face of the FETs 95 is 
pressed into tight contact with the side wall 109 of the 
yoke 110. Accordingly, heat generated from the FETs 
95 is radiated through the yoke 110 and the FET press 
plate 96 which have excellent thermal conductivity, so 
the heat radiation capability can be ensured in the driver 
unit 91 . 

[0039] Meanwhile, a power supply opening portion 
103 and a signal line opening portion 104 are provided 
in the side wall 109 so as to correspond to power supply 
terminals 94b and signal terminals 94c. A power source 
coupler 105 and a signal line coupler 106 are fixed by 
screws outside the opening portions 103 and 104. 
respectively. Thus, in the electric motor 90, the driver 
unit 91 is contained inside a closed end surface like the 



side wall 109, and has opening portions in order to 
make electric connections. An O-ring 107 is inserted 
and fitted between the side wall 109 and each of the 
couplers 105 and 106 (although FIG. 3 shows only the 

5 Oring for the power supply coupler 105). So, the power 
supply opening portion 103 and the signal line opening 
portion 104 are respectively sealed to be watertight. 
The couplers 1 05 and 1 06 may be male or female types. 
[0040] Meanwhile, the electric motor 90 according 

10 to the present invention is assembled as follows. Firstly, 
the assembled driver unit 91 is inserted deep (in the 
side wall 1 09) through the opening portion in the left end 
not shown. The power supply terminals 94b are 
inserted into the power supply opening portion 103 and 

15 the signal terminals 94c into the signal line opening por- 
tion 104. 

[0041] Next, the driver unit 91 is fixed by a screw 
1 04. Since the exposed surface of the FET 95 somehow 
projects from an end surface of the case 92. a surface of 
20 the FET 95 abuts on an inner surface of the side wail 
109 of the yoke 110, as shown in FIG. 3. Further, the 
FETs 95 are tightened together with the driver unit 91 by 
screws 101 and fixed in tight contact with the side wall 
109. 

25 [0042] Outside the side wall 109, the power supply 
terminals 94b and the signal terminals 94c project 
respectively from the power supply opening portion 103 
and the signal line opening portion 104. The power sup- 
ply coupler 105 and the signal line coupler 106 are 

30 secured to these opening portions 103 and 104 by 
screws with O-rings 107. Thus, in the electric motor 90, 
the brush holder 41 and the control drive system are 
united so that the structure including the power supply 
system and the signal system can be constructed only 

35 through operations of securing the driver unit 91 in the 
yoke 110 by screws and of securing couplers outside 
the yoke 1 10 by screws. 

[0043] And, after an armature, a field magnetic 
device, and the like are inserted in the yoke 110, the 

40 electric motor 90 is completely constructed. Note that a 
so-called disk-type commutator is used in the electric 
motor 90 and the brush 23 slidably contacts a right end 
surface thereof from the axial direction. This is because 
since the electric motor 90 is constructed from assem- 

45 bling the brush 23 deep in the yoke 110, it is difficult to 
assemble a type of brush that contacts slidably from the 
radial direction. 

[0044] Thus, in the electric motor 90 according to 
the present invention, the power supply section 1 3 can 
so be assembled easily even if being not situated near an 
opening portion. So, the assembly operation can be 
greatly improved and limitations to assembly process 
are reduced to enhance the degree of freedom in 
design. 

55 

(Embodiment 2) 

[0045] Next explanation will be made of an electric 
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power steering apparatus using an electric motor as the 
embodiment 2 of the present invention. FIG. 4 is an 
explanatory view illustrating the entire structure of this 
electric power steering apparatus and including a partial 
section thereof. Note that the same members and com- 5 
ponents as those of the electric motor 90 according to 
the embodiment 1 will be denoted at the same refer- 
ence symbols and detailed explanation thereof will be 
omitted hereafter. 

[0046] As shown in FIG. 4, the electric power steer- 10 
ing apparatus (hereinafter abbreviated as a power 
steering apparatus) is constructed from providing a hol- 
low electric motor 1 around a rack shaft 2 and, for exam- 
ple, is assembled as a steering apparatus for the 
steering wheel for front wheels of a vehicle. A steering is 
assist force generated by the electric motor 1 is trans- 
mitted to the rack shaft 2 through a ball screw mecha- 
nism 3, thereby reducing driver's burdens to steering 
operation. 

[0047] As shown in FIG. 4, the power steering 20 
apparatus is constructed from coupling a housing A (or 
first housing) and a housing B (or second housing) inte- 
grated with the yoke 7 of the electric motor 1 . Inside the 
housings A and B, a rack shaft 2 is installed to be mov- 
able freely in the lateral direction. On condition that the 25 
electric motor 1 is attached to the vehicle body by a 
bracket not shown and installation holes 1 0 of the hous- 
ing B, wheels are connected to both ends of the rack 
shaft 2 through tie rods and knuckle arms. 
[0048] Meanwhile, the housing A is a hollow mem- 30 
ber made by aluminum die-casting. A cylindrical motor 
yoke (hereinafter abbreviated as a yoke) 7 is cast inte- 
grally into the housing A. Formed in a right end side of 
the housing A in FIG. 4 is a connecting portion 6 by 
which a steering shaft 5 connected to a steering handle 35 
not shown is connected with the rack shaft 2. At the con- 
necting portion 6, a pinion not shown which is provided 
for the steering shaft 5 and rack teeth not shown which 
is formed in a side portion of the rack shaft 2 are 
engaged with each other. So, rotation of the steering 40 
shaft 5 is converted into motion of the rack shaft 2 in the 
lateral direction shown in the figure. A torque sensor not 
shown for detecting the rotation torque of the steering 
shaft 5 is provided on the axis of the connecting portion 
6, and the steering assist force generated by the electric 45 
motor 1 is controlled according to the detection value 
thereof. 

[0049] Next, the electric motor 1 is constructed from 
coaxially inserting a hollow cylindrical armature shaft 1 1 
and a field magnetic device 12 in the cylindrical yoke 7. so 
The rack shaft 2 is assembled inside the armature shaft 

11 so as to pnetrate therethrough. The field magnetic 

12 comprises magnets 14 attached to the inner circum- 
ferential portion of the yoke 7 and an armature core 15 
attached to the outer circumferential portion of the ss 
armature shaft 1 1 . Electric power is supplied from the 
power supply section 13 to the armature core 15. The 
yoke 7 is a cylindrical member made of iron and is 



formed to have substantially constant thickness. The 
yoke 7 is cast in the housing A as described above. 
[0050] In the power steering apparatus shown in 
FIG. 4, the yoke 7 is cast into the housing A, and the 
yoke 7 of the electric motor 1 itself does not have a side 
wall unlike the electric motor 90. However, when assem- 
bling the electric motor 1 is assembled, a side wall 100 
of the housing A actually becomes an obstacle like a 
side wall provided in one end side of the yoke 7. There- 
fore, from the view point of improvements in the assem- 
bling operation, there is the same problem that of the 
electric motor 90 in the embodiment 1 . 
[0051] A plurality of magnets 14 as field magnetic 
poles forming part of the field magnetic device 12 are 
provided at an interval in circumferential direction inside 
the yoke 7. The armature shaft 1 1 is held in one end 
side thereof (a right end side shown in FIG. 4) by a bear- 
ing 17 attached to the housing A. A tapered spline is 
formed in an other end of the armature shaft 1 1 (a left 
end side shown in FIG. 4). The armature shaft 11 is 
pressured to the one end side (the left side shown in 
FIG. 4) by a snap member not shown and is engaged 
with a spline formed at an end portion of a nut portion 
1 9 of the screw mechanism 3. In this manner, rotation of 
the armature shaft 1 1 is transmitted to the nut portion 
19. 

[0052] The power supply section 13 is a section for 
supplying electric power to the armature and includes a 
commutator 22 fitted at the armature shaft 1 1 and a 
brush 23 as an electric contact point which electrically 
contacts the commutator 22. In the power steering 
apparatus, a so-called disk-type commutator is used as 
the commutator 22 for the same reasons as described 
with respect to the previous electric motor 90. The brush 
23 slidably contacts the right end surface of the commu- 
tator. 

[0053] In the power steering apparatus according to 
the present invention, the driver unit (control drive 
means) 91 for controlling and driving the electric motor 
1 is attached to be adjacent to the power supply section 
13 in the form that it is contained inside the housing A. 
That is, the control drive means is integrated into a unit 
and contained in the power steering apparatus. FIG. 5 is 
a view explaining an installation state of the driver unit 
91. 

[0054] The driver unit 91 is formed in a structure 
similar to that shown in FIG. 2. The driver unit 91 is con- 
tained and provided in a large diameter portion 99 of the 
housing A as shown in FIG. 5. The driver unit 91 is 
inserted from an opening of a connecting portion to the 
housing B formed in the left side of the housing A in 
FIGS. 4 and 5. One end side of the large diameter por- 
tion 99 is closed by the side wall 100. and the driver unit 
91 is attached such that the exposed surfaces of the 
FETs 95 contact the inner surface of the side wall 100. 
The driver unit 91 is fjxed by screws 101 inserted into 
installation holes of the FETs 95. These statuses are 
the same as those shown in FIG. 3 except that the yoke 
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7 and the side wall 109 respectively correspond to the 
housing A and the side wall 100. 
[0055] Accordingly, in the present power steering 
apparatus, the heat generated from the FETs 95 is rap- 
idly radiated through the housing A and FET press plate 
96 which have excellent heat conductivity like the elec- 
tric motor 90 described previously. So, the heat radia- 
tion characteristic of the driver unit 91 is ensured. Also, 
since wiring between the control device and the electric 
motor in the embodiment 2 can be omitted for using the 
driver unit 91 , noise reduction and efficient improvement 
in the system can be achieved. 
[0056] Next, the housing B is a hollow member 
made by aluminum die-casting like the housing A and a 
ball screw mechanism 3 is incorporated therein. The 
ball screw mechanism 3 has a generally known struc- 
ture which comprises a nut part 19, a screw part 30 
formed on the outer circumference of the rack shaft 2, 
and a number of balls 31 inserted between the nut part 
19 and the screw part 30. Since the rack shaft 2 is sup- 
ported by the nut part 19 so as to reciprocate in the lat- 
eral direction, rotation about an axis thereof is limited. 
This results in movement of the rack shaft 2 in the lateral 
direction according as the nut part 19 rotates. 
[0057] The nut part 19 is held to be rotatable about 
the axis in relation to the housing B by an angular bear- 
ing 4 fixed to the housing B. In the present power steer- 
ing apparatus, after the nut part 19 of the ball screw 
mechanism 3, the rack shaft 2, and the angular bearing 
4 are integrated with each other, these components are 
provided in the housing B formed independently of the 
housing A. 

[0058] Meanwhile, the part of the housing A in the 
present power steering apparatus is assembled as fol- 
lows. Like the electric motor 90 described previously, 
the assembled driver unit 91 is inserted deep in the 
large diameter portion 99 from the opening portion at 
the left end of the housing shown in FIG. 4. The power 
supply terminals 94b are inserted in the power supply 
opening portion 103, and the signal terminals 94c in the 
signal line opening portion 104. Next, the driver unit 91 
is fixed by screws 101. The FETs 95 are also tightened 
together by the screws 101 and fixed in tight contact 
with the side wall 100. A power source coupler 105 and 
a signal line coupler 106 are screwed into opening por- 
tions 103 and 104 with O-rings 107 inserted therebe- 
tween. Thus, also in the present power steering 
apparatus, the power supply system and the signal sys- 
tem can be assembled by only work for screwing the 
driver unit 91 and the coupler. 

[0059] Thereafter, an armature, a field magnetic 
device B, and the like are inserted in the yoke 110 and 
the assembly of the part of the electric motor 1 is com- 
pleted. Note that the yoke 7 is cast in the housing A. 
Thus, in the present power steering apparatus, even if 
the power supply section 13 of the electric motor 1 is not 
situated near an opening portion, the section can be 
easily assembled. So, the assembling operation is 



greatly improved and limitations to assembling opera- 
tion are eliminated. Accordingly, the degree of freedom 
can be enhanced in design. 

[0060] The present power steering apparatus is 

s operated in the following manner. Firstly, a steering han- 
dle is operated so that the steering shaft 5 rotates. The 
rack shaft 2 moves in the direction corresponding to the 
rotation thereof, and steering operation is carried out. 
Through this operation, a steering torque sensor not 

w shown is activated, and then, a signal therefrom is 
transmitted to the driver unit 91 . In response to the 
detected torque, the driver unit 91 supplies a power to 
the commutator 22 through the brush 23. Thus, the 
electric motor 1 is operated by this power so that the 

75 armature shaft 11 rotates. Accordingly, the nut part 19 
combined with the shaft also rotates. As the nut part 19 
rotates, the ball screw mechanism 3 is operated so as to 
transmit steering assist force to the rack shaft 2, thereby 
promoting the movement of the rack shaft 2. So, the 

so steering force is thus assisted. 

(Embodiment 3) 

[0061 ] FIG. 6 is a view explaining the structure of an 
25 electric motor which is the third embodiment of the 
present invention. The electric motor according to the 
present invention is constructed from integrating control 
drive elements (control drive means) such as FETs and 
ECUs and various circuit elements with a brush holder 
30 to form a driver unit (control drive unit) 191 and from 
providing and fixing this unit outside a yoke 210. FIG. 7 
is an exploded perspective view showing the structure 
of the driver unit 191. and FIG. 9 is a perspective view 
shown from the opposite direction of FIG. 6. FIG. 9 is a 
35 view explaining a state where the driver unit 191 is 
installed to the yoke 210. 

[0062] As shown in FIG. 6, the driver unit 191 
according to the present embodiment is attached to an 
outer end surface of the yoke 210. Since a drive shaft 
40 208 of the electric motor 190 projects from the yoke 
210, the driver unit 191 is formed into a hoof-like shape 
in case of this electric motor 1 90, and the driver unit 1 91 
is attached so as to stride over the drive shaft 208 at a 
concave portion 191a of the unit 191. Note that the 
45 driver unit 191 is not limited to the hoof -like shape but 
may be a donut-like shape as long as it can be attached. 
Otherwise, if there is not an obstacle such as a drive 
shaft 208 or the like, the driver unit 191 may be formed 
into a cylindrical or box-like shape. 
so [0063] As shown in FIG. 7, the driver unit 191 is 
constructed from integrally containing a brush holder 
141, a print wire board (hereinafter abbreviated as 
PWB) 193, an insert wiring board (hereinafter abbrevi- 
ated as IWB) 194. and FETs 195 as a control drive ele- 
55 ment. in a case 192. That is, the drive unit 191 is 
constructed from integrally arranging the brush holder 
1 41 and the driver of the control system. Accordingly, as 
described previously, wiring between the control device 
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and the electric motor can be omitted from the electric 
motor 190, so noise reduction and efficient improve- 
ment of the system can be achieved. 
[0064] The brush holder 141 contains brushes 23 
which are connected to terminals 197 through a not 5 
shown connecting line provided in the brush holder 141 . 
Each end portion of the terminal 197 is welded to the 
IWB 194, thereby connecting the brush 23 with the IWB 
194. The PWB 193 equips circuit elements such as 
resistors and the like, and connection terminals 1 94a of 10 
the IWB 194 are inserted in and soldered to connection 
holes 193a of the IWB 194. In this manner, the PWB 

193 and the IWB 194 are electrically connected with 
each other and both are assembled as a unit. Note that 
spacers 198 are provided between the PWB 193 and 75 
the IWB 194. 

[0065] In the left surface side of the brush holder 
141 in FIG. 7, FETs 195 are attached as clearly shown 
in FIG. 8. The brush holder 141 has four FET container 
portions 141a and the FETs 195 are attached thereto. 20 
The FET 195 is attached so that one surface thereof is 
exposed from the end surface of the brush holder 141 . 
Terminals 195a of the FET 195 are led from the FET 
container portions 141a to the PWB 193 side, respec- 
tively and are extended to the back surface side of the 25 
brush holder 141, thereafter being soldered. The IWB 

1 94 is provided with a coupler 205 for power supply and 
control signal transmission/reception. The coupler 205 
may be a male or female type. 

[0066] After the brush holder 141, PWB 193. IWB 30 
194, and FETs 195 are contained in the case 192, syn- 
thetic resin is filled inside to achieve potting. In this man- 
ner, the durability of the driver unit 191 is guaranteed, 
and as described previously, the driver unit 191 can be 
protected against impacts caused by stepping stones 35 
and the like even when the electric motor 190 is used in 
a power steering apparatus located near the vehicle- 
driving surface. 

[0067] The driver unit 191 having the structure 
described above is provided and fixed outside an end 40 
portion of the yoke 210 as shown in FIGS. 6 and 9. An 
end side of the yoke 210 is closed by a side wall 209, 
and the driver unit 1 91 is attached so that the exposed 
surface of the FET 195 abuts on the outer surface of the 
side wall 209. The driver unit 191 is fixed by screws 201 45 
through installation holes 195b of the FETs 195. As 
shown in FIG. 7, the brush holder 141, PWB 193, and 
IWB 194 are provided with insertion holes at positions 
respectively corresponding to the installation holes 
195b. The screws 201 are screwed into female screw so 
holes 202 provided in the side wall 209 through those 
insertion holes. That is. the driver unit 191 is fixed to the 
side wall 209 with the FETs 195 tightened together. 
Note that the number of the FETs 195 is not limited to 
four and all the FETs need not always be tightened ss 
together for fixing. In case where the number of the 
FETs is increased to eight, for example, four FETs 195 
of eight may remain not tightened together. 



[0068] Thus, in the electric motor 190, the driver 
unit 191 is attached with the surfaces of the FETs 95 
which are kept in tight contact with the side wall 209. 
Accordingly, heat generated from the FETs 195 is radi- 
ated through the yoke 210 which has excellent thermal 
conductivity, so the heat radiation capability can be 
ensured. Note that an FET press plate made of alumi- 
num may be provided on the end surface of the brush 
holder 141 and the FETs may be contained therein. 
[0069] Meanwhile, two opening portions 203 are 
provided so as to correspond to the brushes 23. The 
opening portions 203 are formed to be slightly larger 
than the projection portions 141b of the brush holder 
141 so that the advance angle which will be described 
later can be adjusted easily. Further, the brushes 23 are 
inserted into the yoke 210 through the opening portions 
203 and are pressed in the axial direction by a not 
shown elastic member slidably contacted with the com- 
mutator 22. Also in this electric motor 190. a so-called 
disk-type commutator is used as the commutator 22. 
and the brushes 23 slidably contacts the right end sur- 
face of the commutator from the axial direction. An CD- 
ring 107 is inserted between the driver unit 191 and 
each ot the opening portions 203. and the areas of the 
opening portions 203 are sealed to be watertight. 
[0070] The electric motor 190 is assembled as fol- 
lows. Firstly, an assembled driver unit 191 is attached to 
stride over the drive shaft 208 at the right end of the 
yoke 210 in FIG. 6. The brushes 23 are inserted in the 
opening portions 203. Next, the driver unit 191 is fixed 
by screws 201 . The exposed surfaces of the FETs l; 195 
abut on the outer surface of the side wall 209 of the yoke 
210, and the FETs 195 are tightened together by^.the 
screws 201 and fixed tightly to the side wall 209. In the 
electric motor 190, the brush holder 141 and the control 
drive system are integrated as a sub-unit, so the struc- 
ture including a power supply system and a signal sys- 
tem can be assembled by only work for securing the 
driver unit 191 to the yoke 210 by screws. 
[0071] Thereafter, an armature, a field magnetic 
device, and the like are inserted in the yoke 210 and the 
assembly of the electric motor 190 is thereby com- 
pleted. In this electric motor 190, the advance angle can 
thereafter be adjusted by using play between the open- 
ing portions 203 and the brush holder 141 . If the instal- 
lation positions of the brushes are shifted in relation to 
the magnets fixed in the yoke 210. there is a case that 
the rotation characteristic differs in the rotating direc- 
tion. If such a characteristic difference appears, there 
are possibilities as follows. That is, for example, when 
the electric motor 190 is used in the power steering 
apparatus for a vehicle, assist force of a steering handle 
differs in the steering direction thereof and load of the 
steering handle differs in the rotating direction thereof. 
However, optimal setting positions can be easily 
selected by fixing the characteristic as the brushes 23 
are inserted and the characteristic is appropriately 
measured. 
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[0072] Thus, in the electric motor 190, the driver 
unit 191 which integrates the control means with the 
brush holder outside the closed end surface like the 
side wall 209 is attached, and opening portions are pro- 
vided in the side wall 209. In this manner, power supply 5 
is achieved. Therefore, even if the power supply section 
ot the electric motor is not situated near an opening por- 
tion, the brush and the control means can be assembled 
easily. So, the assembling operation is greatly improved, 
limitations to the assembly are eliminated, and degree w 
of freedom in design is enhanced. Also, since the 
brushes 23 are provided in the external driver unit 191, 
the brushes can be easily replaced. 

(Embodiment 4) ? 5 

[0073] Explained next will be a power steering 
apparatus as the embodiment 4 to which the present 
invention is applied. FIG. 10 shows the entire structure 
of this power steering apparatus including a partial 20 
cross-section thereof. Note that the same members and 
components as those of the electric motor 1 90 accord- 
ing to the embodiment 3 will be denoted at the same ref- 
erence symbols and detailed explanation thereof will be 
omitted herefrom. 25 
[0074] As shown in FIG. 10. the power steering 
apparatus has substantially the same structure as that 
of the power steering apparatus shown in FIG. 4. Note 
that explanation will be omitted with respect to portions 
similar to those of the apparatus shown in FIG. 4. 30 
[0075] In the power steering apparatus according to 
the embodiment 4, the driver unit 191 for controlling and 
driving the electric motor 1 is attached outside the hous- 
ing A of the power supply section 13. That is, the brush 
holder 141 and the control drive means are integrated 35 
into a unit and are installed externally on the power 
steering apparatus. FIG. 1 1 is a view showing an instal- 
lation state where the driver unit 191 is installed. 
[0076] The driver unit 191 has the same structure 
as that shown in FIG. 7. As shown in FIG. 1 1 , the driver 40 
unit 191 is located and fixed at an end portion of a large 
diameter portion 199a of the housing A. The driver unit 
191 is attached so as to stride over a small diameter 
portion 199b through a concave portion 191a of the unit 
from the right side of the housing A in FIGS. 10 and 11. 45 
As shown in FIG. 1 1 , one end side of the large diameter 
portion 199a is closed by the side wall 200, and the 
driver unit 191 is attached so that the exposed surface 
of the FET 195 abuts on the outer surface of the side 
wall 200. Opening portions 203 are provided in the side so 
wall 200, and brushes 23 are inserted therein. Installa- 
tion holes 195b of FETs 195 are fixed by screws 201 
at the driver unit 191. These statuses are the same as 
those shown in FIG. 9 except that the yoke 7 and the 
side wall 209 respectively correspond to the housing A 55 
and the side wall 200. 

[0077] Accordingly, in the present power steering 
apparatus, heat generated from the FETs 195 is rapidly 



radiated through the housing A which has excellent heat 
conductivity like the electric motor 190 described previ- 
ously, so the heat radiation characteristic of the driver 
unit 91 is ensured. Also, the control drive section can be 
integrally formed at the power steering apparatus 
through simple work, by using the driver unit 191. Fur- 
ther, wiring to the electric motor can be omitted and the 
structures of the control system and the power supply 
system can be simplified, so that noise reduction and 
efficient improvement of the system can be achieved. 
[0078] The housing A of the power steering appara- 
tus shown in FIG. 10 is assembled as follows. Like the 
electric motor 190 described previously, an assembled 
driver unit 191 is attached on the outer surface of the 
side wall 200 of the housing A. The brushes 23 and the 
projecting portions 141a of the brush holder 141 are 
inserted in the opening portions 203. Next, the driver 
unit 191 is fixed by screws 201 . The FETs 1 95 are tight- 
ened together by screws 201 and fixed in tight contact 
with the side wall 200. Thus, in this power steering 
apparatus, the power system and the signal system can 
be constructed by only work for securing the driver unit 
191. 

[0079] Thereafter, an armature, a field magnetic 
device 12, and the like are inserted in the housing A, 
and assembly of the part of the electric motor 1 is 
thereby completed. Note that the yoke 7 has already 
been cast into the housing A. Also, like in the previous 
case, the advance angle can thereafter be adjusted. 
Thus, in the present power steering apparatus, even if 
the power supply section of the electric motor is not sit- 
uated in the opening end side of the housing A, the con- 
trol drive section can be easily and integrally formed. 
So, the assembling operation is greatly improved and 
limitations to the assembly are eliminated. Accordingly, 
degree of freedom in design is enhanced. 

(Embodiment 5) 

[0080] Further, a power steering apparatus having 
a different installation form of the driver unit 191 will be 
explained as the embodiment 5. FIG. 12 is a view 
explaining schematically the structure of the embodi- 
ment. Note that the structure except the installation por- 
tion of the driver unit 191 are the same as that of the 
power steering apparatus according to the embodiment 
4. Therefore, only main parts will be explained while 
explanation and illustration about common portions will 
be omitted herefrom. Also, the same members and 
components as those of the previous embodiment will 
be denoted at the same reference symbols and detailed 
explanation thereof will be omitted herefrom. 
[0081 ] In the power steering apparatus according to 
the embodiment 5, a hollow driver unit container portion 
211 is formed at an end portion of the housing A. The 
driver unit container portion 21 1 is formed to be integral 
with the housing A, and a side wall 200 is provided deep 
in this portion 21 1 . Like the embodiment 4, two opening 
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portions 203 are provided in the side wall 200. 
[0082] The driver unit 191 is installed in the driver 
unit container portion 211. Brushes 23 are inserted in 
the opening portions 203, and FETs 195 are made in 
contact with the side wall 200 and are fixed by screws 5 
201 , as previously described. Thus, in the power steer- 
ing apparatus shown in FIG. 12, the driver unit 191 is 
contained in the peripheral wall 21 la of the driver unit 
container portion 21 1 . Accordingly in this structure, the 
peripheral wall 21 1a exists around the driver unit 191, 10 
so the driver unit 191 installed near the vehicle-driving 
surface can be protected against impacts caused by 
stepping stones. 

[0083] In the present embodiment FETs 195 
shown by a broken line in FIG. 12 may be provided on is 
the outer circumference of the driver unit 191 and may 
be exposed from the outer surface so as to contact the 
peripheral wall 21 1a. In this structure, heat can then be 
radiated therefrom. 

20 

(Embodiment 6) 

[0084] Further, the embodiment 6 of the present 
invention will be explained below. FIG. 13 shows the 
entire structure of the power steering apparatus as the 25 
embodiment 6 of the present invention, including a par- 
tial cross-section thereof. The power steering apparatus 
shown in FIG. 13 has a basic structure common to the 
power steering apparatus shown in FIG. 4. Also, in this 
embodiment, explanation of the portions similar to 30 
those of the apparatus of FIG. 4 will be omitted. 
[0085] The apparatus shown in FIG. 13 also uses a 
disk-type commutator 22. This is because as the 
present power steering apparatus is constructed from 
assembling the brushes 23 deep in the housing A, it is 35 
difficult to assemble such brushes that slidabiy make 
contact from the radial direction. The brushes 23 are 
held in a brush holder 341 made of synthetic resin and 
are pressed against the commutator 22 by an elastic 
member not shown. The brush holder 341 is provided 40 
with terminals 391 electrically connected with the 
brushes 23. 

[0086] Meanwhile, a driver unit (control drive 
means) 392 for controlling and driving the electric motor 
1 is attached near a power supply section 1 3 so as to be 45 
integrated with the housing A. FIGS. 14 and 15 are 
views explaining installation statuses of the driver unit 
392. 

[0087] The driver unit 392 is constructed from pro- 
viding elements such as FETs on a heat radiation plate so 
392a made of metal and from covering the elements 
with a case 392b made of synthetic resin after subject- 
ing the elements to potting. The FETs and ECUs are 
subjected to potting and then contained into the case 
392b because the durability of the driver unit 392 is also ss 
taken into consideration. Therefore, even in case where 
this unit is attached to the power steering apparatus 
located near the vehicle-driving surface, it is possible to 



prevent damages due to stepping stones and the like. 
[0088] The driver unit 392 is provided with a power 
source coupler 392c and a signal line coupler 392d and 
those coupler 392c and 392d are connected to another 
electric equipment system not shown. These couplers 
392c and 392d may be male or female types. Terminal 
plates 392e are led from the driver unit 392 for supply- 
ing a power source to the electric motor 1 . 
[0089] Next, a seat 394 for mounting the driver unit 
392 is integrally formed with a small diameter portion 
393a of the housing A. A power supply opening portion 
395 which communicates with the inside of the housing 
A is provided in an end surface 393c of the large diam- 
eter portion 393b in the housing A. In this manner, as 
shown in FIG. 14, after the terminal plates 392c are 
inserted in the power supply opening portion 395, the 
driver unit 392 is fixed onto the seat 394 by screws 396 
with the terminal plates 392e. The heat radiation plate 
392a of the driver unit 392 is directly mounted on the 
seat 394. Therefore, also in the power steering appara- 
tus shown in FIG. 13. heat generated from the FETs 
and the like is radiated rapidly, so the heat.radiation 
characteristic of the driver unit 392 can be ^ensured. 
Accordingly, the driver unit 392 can be constructed with- 
out providing any other heat radiation portion, so the 
size of the unit can be minimized. Therefore, the driver 
unit 392 can be installed within the size of the large 
diameter portion 393b of the housing A without interfer- 
ing with other components. Since the driver unit 392 can 
be attached to the outside of the housing A, the driver 
unit 392 can be protected from dust caused by.abrasion 
of the brushes. 

[0090] As shown in FIG. 15, the terminal plates 
392e inserted in the housing A through the power sup- 
ply opening portion 395 face terminals 391 of the 
brushes 23 with each other, respectively. By connecting 
these components, the driver unit 392 and the electric 
motor 1 are electrically connected to each other. That is, 
wiring between the control device and the motor can be 
omitted so that noise reduction and efficient improve- 
ment of the system can be achieved. An O-ring 397 is 
inserted between the power supply opening portion 395 
and the driver unit 392, and the opening portion 395 is 
sealed to be watertight. 

[0091] Meanwhile, a second opening portion 398 is 
provided at the large diameter portion 393b so as to 
face the power supply section 1 3 of the electric motor 1 . 
Slidable contact portions between the commutator 22 
and the brushes 23 can be observed from the second 
opening portion 398. Accordingly, condition of the 
power supply section 13 can be ascertained by eyes 
through the second opening portion 398 and mainte- 
nance can be performed with ease. Also, the terminal 
plates 392e and terminals 391 arranged as shown in 
FIG. 1 5 can be observed from the second opening por- 
tion 398. Therefore, spot welding can be performed 
between the terminal plates 392e and the terminals 391 
with use of the second opening portion 398, and this 
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work can be carried out even after the electric motor 1 is 
assembled. 

[0092] A cover 399 is attached to the second open- 
ing portion 398. The cover 399 is attached by screws 
400 and an O-ring 401 is inserted between the housing 
A and the cover 399. 

[0093] When attaching the driver unit 392 onto the 
seat 394. the driver unit 392 may be limited in the axial 
direction thereof and its end surface may be pressed 
against the end surface 393c of the housing A in order 
to improve the sealing characteristic obtained by the CD- 
ring 397. FIG. 16(a) to (c) is a view explaining this state. 
In FIG. 1 6(a), a step portion 394a is provided on the 
seat 394, and the driver unit 392 is limited between the 
step portion 394a and the end surface 393c. tn FIG. 
1 6(b), a step portion 394a is formed and the end surface 
393 is tapered to limit the driver unit 392. In FIG. 16(c), 
the step portion 394a is tapered. 

(Embodiment 7) 

[0094] Additionally, as the embodiment 7, explana- 
tion will be made of a structure in which the brush holder 
341 and the driver unit 392 can be inserted into and 
engaged with each other. FIG. 17 is a view explaining 
an installation state of the driver unit 392 in the power 
steering apparatus which is the embodiment 7 of the 
present invention. The same members and components 
as those of the embodiment 6 will be denoted at the 
same reference symbols and explanation thereof will be 
omitted herefrom. 

[0095] As shown in FIG. 17 t in the embodiment 7, 
male terminals 402 electrically connected to brushes 23 
are formed in the back surface side of the brush holder 
341 (on the opposite surface of the brushes 23). When 
the brush holder 341 is attained into the housing A, the 
male terminals 402 are inserted into the power supply 
opening portion 395, and are outwardly projected from 
the housing A. Meanwhile, female terminals not shown 
which should be engaged with the male terminals 402 
are formed in a side of the driver unit 392. The driver 
unit 392 is fixed on a seat 394 with the female terminals 
engaged with the male terminals 402. 
[0096] FIGS. 18(a) and (b) show a modified exam- 
ple of the embodiment 7. In FIG. 18(a), a female coupler 
403 is provided on the back surface of the brush holder 
341 , and male terminals 404 of the driver unit 392 are 
engaged therewith. The female coupler 403 may be 
formed to stay in the housing A or to be projected from 
the housing A. If this coupler is projected, a concave 
portion for receiving the female coupler 403 is required 
in the side of the driver unit 392. 

[0097] In FIG. 1 8(b). a coupler holder 405 is formed 
on the surface of the brush holder 341 in the side of the 
brush 23. and a female coupler 406 connected to the 
brush 23 is contained in the holder 405. Socket holes 
407 are formed in the back surface side of the brush 
holder 341 so as to correspond to the female coupler 



406. Further, the male terminals 404 of the driver unit 
392 are inserted into the socket holes 407 and engaged 
with the female coupler 406. 

[0098] In cases of the structures shown in FIGS. 17 
5 and 1 8, it is possfcle to attach the driver unit 392 without 
particularly providing a second opening portion 398 
unlike the embodiment 6. However, a second opening 
portion may be optionally provided to observe the status 
of the power supply section 13. 
10 [0099] The present invention is not limited to the 
embodiments described above but may be variously 
modified without departing from the subject matter of 
the invention. 

[0100] For example, although the electric motor 

is described above is a type which supplies power with 
use of brushes, the structure of containing the driver 
unit in the yoke or housing is applicable even to a brush- 
less motor. Also, the embodiments described above 
shows electric motors in which a disk-type commutator 

20 is used and brushes make siidable contact in the axial 
direction of the commutator. However, the present 
invention is applicable to an electric motor of the type in 
which brushes move in the radial direction and make 
contact with a commutator in the radial direction. 

25 [0101] Meanwhile, in the examples described 
above, the FETs are exposed from and provided with 
the driver unit. That is. one surface of each FET is in 
direct contact with the side wall of the driver unit. How- 
ever, elements such as FETs and the like may be pro- 

30 vided in a back side of a metal plate such as aluminum 
or copper which has excellent thermal conductivity, and 
a front surface side of the metal plate may be exposed 
in contact with the side wall. Also, elements such as 
FETs and the like may be provided on the outer circum- 

35 fererrtial surface of the driver unit and be brought into 
contact with the cylindrical portion of the housing to 
improve heat radiation. 

[0102] Thus, according to the present invention, in 
an electric motor including a cylindrical yoke having a 

40 side wall at one end portion, even in case of an electric 
motor which is constructed from containing the driver 
unit in an end portion of the side wall inside the yoke, 
and locating a power supply section deep in the yoke, 
the control drive section can integrally be provided with 

45 the electric motor without hindering the assembling 
operation. 

[0103] Also, in an electric motor including a cylindri- 
cal yoke having a side wall at one end portion, even in 
case of an electric motor which is constructed from inte- 

50 grally providing a brush holder and control drive means 
with each other, forming a driver unit, arranging the 
driver unit on an outer surface of the side wall in the 
yoke, and locating a power supply section deep in the 
yoke, the control drive section can integrally be provided 

55 with the election motor without hindering the assem- 
bling operation. 

[0104] Further, since the driver unit is located inside 
or outside the yoke with the driver unit kept in direct con- 
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tact with the side wall, heat generated from control drive 
elements such as FETs and the like can be efficiently 
radiated through the yoke. In addition, since the driver 
unit is constructed from containing a brush holder, the 
structure of the power supply section can be simplified. 
[0105] Meanwhile, in an electric power steering 
apparatus with a power supply section provided deep in 
the housing, even in case of a type of electric power 
steering apparatus which is constructed from being 
contained in a position adjacent to the power supply 
section in the housing, the driver unit can be integrally 
arranged with the housing without hindering the assem- 
bling operation. 

[0106] Also, in an electric power steering apparatus 
with a power supply section provided deep in the hous- 
ing, even in case of a type of electric power steering 
apparatus which is constructed from integrally providing 
a brush holder and control drive means with each other, 
forming a drive control unit, and locating at portion 
which faces the power supply section outside the hous- 
ing, the driver unit can be integrally arranged with the 
housing without hindering the assembling operation. 
[0107] Further, a type of electric power steering 
apparatus is constructed from forming a power supply 
opening portion so as to face the power supply section 
0 f the electric motor in the housing, electrically connect- 
ing the power supply section of the electric motor to a 
driver unit through the power supply opening portion, 
integrally forming the driver unit with the housing, and 
containing the power supply section deep in the hous- 
ing. Therefore, even in a case of this type of the electric 
power steering apparatus, the driver unit can be inte- 
grally arranged with the housing without hindering the 
assembling operation. As a result of this, the driver unit 
is provided outside the housing separately from the 
power supply section, and therefore, the driver unit can 
be protected from dust caused by abrasion of the 
brushes. 

[0108] Meanwhile, a second opening portion 
through which the slidable contact portions of the com- 
mutator of the electric motor and the brushes can be 
observed is further formed at the housing so as to face 
the power supply section of the electric motor. There- 
fore, the state of slidable contact between the brushes 
and the commutator at the power supply section can be 
observed visually, so maintenance thereof are facili- 
tated. Also, the terminal plates of the driver unit and the 
contact plates of the brushes can be welded with use of 
this second opening portion. 

[0109] Further, since control drive elements of the 
driver unit are located on a heat radiation plate made of 
metal and the driver unit is attached onto the housing 
with the heat radiation plate kept in direct contact with 
the housing, the heat radiation characteristic of the 
driver unit can be guaranteed. 



Claims 

1. An electric motor comprising a cylindrical housing 
having a side wall at one end portion thereof, char- 
5 acterized in that a control drive means for control- 

ling and driving the electric motor is provided at an 
end portion in a side of the side wall inside the 
housing or on an outer surface of the side wail. 
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2. An electric motor according to claim 1. character- 
ized in that the control drive means is contained at 
the end portion in the side of the side wall inside the 
housing, 

the side wall has an opening portion for com- 
municating with inside and outside of the hous- 
ing, and 

the control drive means is electrically con- 
nected with the outside of the housing through 
the opening portion. 

3. An electric motor according to daim 1 , character- 
ized in that the control drive means is provided 
inside the housing so as to directly contact to the 
side wall. 

4. An electric motor according to claims 1 , character- 
ized in that an electric power is supplied with the 
electric motor by a brush, and 

a brush holder for containing the brush* and 
control drive means for controlling and driving 
the electric motor are integrally formed. 

5. An electric motor according to claim 1 , character- 
ized in that the electric motor has a cylindrical yoke 
with a side wall at one end portion thereof, 

an electric power is supplied with the electric 
motor by a brush, 

a brush holder for containing the brush and the 
control drive means for controlling and driving 
the electric motor are integrated, thereby form- 
ing a drive control unit, and 
the drive control unit is provided on an outer 
surface of a side wall of the yoke. 

6. An electric motor according to claim 5, character- 
ized in that the side wall has an opening portion 
which is formed so as to communicate with inside 
and outside of the yoke, and 

the brush is inserted into the yoke through the 
opening portion. 

7. An electric motor according to claim 5 or 6, charac- 
terized in that the drive control unit is provided out- 
side the yoke so as to directly contact to the side 
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wail. 

8. An electric power steering apparatus comprising: 

a rack shaft connected to steering wheels; 5 
a first housing for containing movably the rack 
shaft and for holding a connecting portion 
where rack teeth formed on the rack shaft are 
engaged with a pinion of a steering shaft con- 
nected to a steering handle;- 10 
an electric motor located coaxially around the 
rack shaft in the first housing, and supplying a 
steering assist force with the rack shaft; 
a ball screw mechanism for connecting a nut 
portion connected with a rotor shaft of the elec- rs 
trie motor and a screw portion formed on the 
rack shaft, with each other with a ball member 
inserted therebetween, and for transmitting 
rotatory power of the electric motor as steering 
assist force to the rack shaft; and 20 
a second housing containing the ball screw 
mechanism and connected with the first hous- 
ing, 

the power supply section of the electric motor 
being provided at the first housing in a opposite 25 
side of the second housing relative to an axial 
direction, characterized in that a control drive 
means for controlling and driving the electric 
motor is provided at a position adjacent to the 
power supply section of the first housing. 30 

9. An electric power steering apparatus according to 
claim 8, characterized in that the control drive 
means is contained at a position adjacent to the 
power supply section in the first housing. 35 

10. An electric power steering apparatus according to 
claim 9, characterized in that an opening portion 
through which inside and outside of the first hous- 
ing communicate with each other is formed, and *o 

the control drive means and the outside of the 
first housing are electrically connected to each 
other through the opening portion. 

45 

11. An electric power steering apparatus according to 
claim 9, characterized in that, the control drive 
means is contained inside the first housing so as to 
directly contact to a side wall of the first housing. 

50 

12. An electric power steering apparatus according to 
claims 8, characterized in that an electric power is 
supplied with the electric motor by a brush, and 

a brush holder for containing the brush and the 55 
control drive means are integrally formed. 

13. An electric power steering apparatus according to 



daim 8, characterized in that a brush holder for 
containing a brush of the electric motor, and control 
drive means for controlling and driving the electric 
motor are integrated, thereby forming a drive con- 
trol unit, and 

the drive control unit is provided at such a por- 
tion as to face the power supply section outside 
the first housing. 

14. An electric power steering apparatus according to 
claim 13, characterized in that an opening portion 
through which inside and outside of the first hous- 
ing communicate with each other is formed, and 

the brush is inserted into the first housing 
through the opening portion. 

15. An electric power steering apparatus according to 
claim 13, characterized in that the drive control unit 
is provided outside the first housing so as to directly 
contact to a side wail of the first housing. 

16. An electric power steering apparatus comprising: 

a rack shaft connected to steering wheels; 
a first housing for containing movably the rack 
shaft and for holding a connecting portion 
where rack teeth formed on the rack shaft are 
engaged with a pinion of a steering shaft con- 
nected to a steering handle; 
an electric motor located coaxially around the 
rack shaft in the first housing, and supplying a 
steering assist force with the rack shaft; 
a ball screw mechanism for connecting a nut 
portion connected with a rotor shaft of the elec- 
tric motor and a screw portion formed on the 
rack shaft, with each other with a ball member 
inserted therebetween, and for transmitting 
rotatory power of the electric motor as steering 
assist force to the rack shaft; and 
a second housing containing the ball screw 
mechanism, characterized in that the first 
housing has a power supply opening which is 
formed at such a portion so as to face a power 
supply section of the electric motor and to com- 
municate with inside and outside of the first 
housing through the power supply opening por- 
tion, and 

a control drive means for controlling and driving 
the electric motor is integrally provided with the 
first housing outside the first housing, and is 
electrically connected to the power supply sec- 
tion through the power supply opening portion. 

17. An electric power steering apparatus according to 
claim 16, characterized in that the first housing fur- 
ther has a second opening portion, through which a 
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slidable contact portion between a commutator of 
the electric motor and a brush can be observed, at 
such a portion as to face the power supply section 
of the electric motor. 

18. An electric power steering apparatus according to 
claim 16, characterized in that the control drive 
means includes a terminal plate which is inserted in 
the first housing through the power supply section 
and can be observed through a second opening 
portion, and 
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the terminal plate is welded through the second 
opening portion to a contact plate electrically 
connected to a brush of the electric motor. is 

19. An electric power steering apparatus according to 
claims 16, characterized in that the control drive 
means is constructed from providing an element for 
controlling and driving the electric motor on a heat 20 
radiation plate made of metal, and 

the control drive means is attached onto the 
first housing with the heat radiation plate kept 
in direct contact with the first housing. 25 
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FIG. 3 
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